Aims: To assess the diagnostic accuracy of optical coherence tomography (OCT), with/without colour fundus photographs, in predicting fundus fluorescein angiography (FFA) findings in patients suspected of havingchoroidal neovascularisation (CNV). Methods: A consecutive series of patients suspected of havingCNV underwent OCT and stereo FFA images, which were assigned a diagnosis by two masked observers, one examining OCT alone and then OCT plus stereo colour photographs, and one examining FFA alone. The main outcome measures were the diagnostic accuracy of OCT (with/without colour photos) in predicting the presence of CNV and secondly the characteristics of the CNV compared to the FFA findings. Results: 131 eyes of 118 patients were analysed. The sensitivity and specificity of OCT for detecting new potentially treatable CNV lesions compared to FFA was 96.4%, and 66.0%, respectively. For OCT with stereo images the sensitivity was 94.0% and specificity 89.4%. For detecting CNV with a classic component the sensitivity and specificity of OCT alone was 78.6% and 82.7%. With stereo colour images the sensitivity was 82.1% and specificity 89.3%. Conclusion: OCT is good at detecting the presence of CNV in patients suspected of having new CNV. However, it is less accurate at identifying the exact components of CNV. OCT cannot at present replace FFA in accurately diagnosing CNV components. However, this imaging method may have a role as a screening tool to help prioritise FFA requests.
T he advent of photodynamic therapy (PDT) has led to a large increase in fundus fluorescein angiography (FFA) requests to assess patients for choroidal neovascularisation (CNV). FFA is invasive, has a small but well recognised risk of severe complication, and is time consuming. As FFA is also required for treatment monitoring, the ophthalmic photography services have become heavily burdened. While information on lesion type and area is a prerequisite for PDT, and is best obtained by FFA, new treatments such as antivascular endothelial growth factor may only require knowledge of the diagnosis. OCT is non-contact, noninvasive, and quick to perform. The OCT findings in a wide variety of retinal pathologies, including CNV, have been described. [1] [2] [3] [4] [5] [6] With the advent of higher resolution, the OCT may have a role as a diagnostic tool for CNV. We, therefore, aimed to assess the accuracy of OCT, using FFA as the gold standard.
MATERIALS AND METHODS
A prospective series of images collected over a 6 month period from patients who had had OCT (Zeiss OCT3), stereo colour, and stereo FFA images (Zeiss FF450 IR) for a first time presentation of suspected CNV were examined. The images were taken as part of the department's routine assessment for such patients. The tests had been requested by a range of doctors with different levels of experience looking for a potentially treatable lesion, defined in our department, as a predominantly classic CNV with no pigment epithelial detachment (PED) (defined below). Images were reviewed by two independent observers, one assessing the OCT and then the OCT plus colour photographs (SSS), the other the FFA (SJT), each masked to the other's diagnostic classification and the clinical diagnosis. All OCT images were taken by an experienced operator, using the standard macular scanning protocol that involves six 6 mm radial scans. In addition, if any abnormality was detected, further cuts were taken through the lesion by moving the scan manually. The fast macular protocol was not used as this reduced the image quality required for lesion analysis.
The FFA images were classified into the following groups [7] [8] [9] [10] [11] :
(1) Classic CNV, subdivided into 100% classic, classic without occult, predominantly classic with occult, or minimally classic with occult. The OCTs were classified as to whether there was an AMD lesion (defined by (1), (2), or (3) below), and further, to try to define the type of lesion with the aid of the following features: 1 2 12 13 (1) Classic CNV-a subretinal band corresponding to the retinal pigment epithelium (RPE) and choriocapillaris Statistical analyses were calculated using Microsoft Excel and Graph Pad Instat version 3. As this study consisted of a review of tests performed as part of our routine clinical practice, ethics committee approval was not required.
RESULTS
FFA and OCT images of 128 patients were assessed. Ten patients were excluded because of the poor quality of the images. Thirteen patients had bilateral active pathology and so 131 eyes of 118 patients were analysed: mean age 73.2 years (SD 13.7), range 30-97); 57.6% female; 53.4% right eye. CNV associations were AMD in 126; myopic degeneration in three; punctate inner choroidopathy (PIC) in one; angioid streaks in one. The main diagnoses on FFA were 56 CNVs with a classic component (breakdown in table 1), 25 occult CNVs, three serous PEDs, 26 eyes with drusen/atrophy, and 21 other diagnoses: normal (six), RVO (three), cystoid macular oedema (CMO) (two), ERM (two), central serous retinopathy (two), diabetic retinopathy, laser scar with no recurrence, macroaneurysm, macular haemorrhage (no cause), malignant melanoma, and retinal pigment epithelium.
The sensitivity and specificity for detecting a potentially treatable lesion (classic containing CNV 56; occult CNV 25; serous PED 3) was for OCT alone 96.4% (81 of 84) and 66.0% (31 of 47), respectively, and for OCT with stereo images 94.0% (79 of 84) and 89.4% (42 of 47). In the group with no CNV or PED seen on FFA, 16 of 47 (34.0%) were thought to have either CNV or PED on OCT, with the addition of stereo colour images this was reduced to five of 47 (10.6%) (see tables 2 and 3).
The sensitivities, specificities and positive and negative predictive values for new AMD lesions and classic CNV are shown in table 4.
DISCUSSION
In 2002 we performed 321 FFAs looking for potentially treatable CNV.
14 A fast, non-invasive diagnostic test such as OCT could help prioritise FFA requests.
In diagnosing new AMD we found that OCT alone had a sensitivity of 96.4% and a specificity of 66.0%. OCT with stereo colour images had a sensitivity of 94.0% and a specificity of 89.4%. The use of stereo colour images might be expected to provide similar information to clinical biomicroscopic examination, although may be not so good. As such, the use of OCT with clinical examination should give similar results. The typical FFA and OCT appearances of classic CNV, occult CNV, and serous PED and are shown in figure 1 .
As with any diagnostic method, the number of patients with disease classed as without disease (false negative rate) is important. Only three were missed. On OCT, one patient was diagnosed with an ERM but on further review had evidence of SRF. Two patients were diagnosed as having only drusen/ Minimally classic with occult (n = 3)
Occult CNV (n = 25) 11 12 2 atrophy. Both had small CNVs, which we believe were missed by the cut of the OCT scan. One patient had a diagnosis of PIC and the other, AMD. The false positive rate in diagnosing a new AMD lesion was 34.0% (16 of 47) by OCT alone. This was reduced to 10.6% (five of 47) with the addition of stereo colour images. On retrospective review of these OCT images, two were reclassified as drusen/atrophy and therefore as non-CNV-both FFA diagnoses were drusen/atrophy. The remaining 14 still had abnormal features on the OCT image. If the OCT had been used to ''screen'' for a potential CNV, these would have still warranted further investigation. Among these were two drusen/atrophy FFA diagnoses, which on further review of the OCT, still appeared to be highly characteristic of new CNV with SRF. These findings highlight that OCT findings could suggest SRF but FFA findings show no active leak. We believe that these cases highlight a grey area when trying to differentiate between stain and active leak on FFA. While FFA remains the gold standard for active leak, it may be that the OCT is more sensitive and better at defining structure. Defining components of CNV was complex. Late leak occult CNVs were hard to characterise, appearing to have components of classic CNV, cystoid, and PED ( fig 1C) . Indeed, a fifth of occult CNVs were classified as classic CNV by OCT. It was difficult to distinguish a serous from a vascularised PED with the OCT, as the scan is unable to penetrate the RPE (fig 1B, 1D, table 2) .
The range of patients analysed in this study may not represent the true proportion of types of CNV presenting to a hospital, as the group imaged represents that thought likely to have a potentially treatable form of CNV under present UK provision. 15 However, a range of CNV lesion types were imaged, allowing diagnostic accuracy to be assessed.
Forty seven of 131 eyes (35.9%) did not have FFA evidence of exudative AMD and 21 of 131 (16.0%) had a non-AMD related diagnosis. This suggests that in a busy department with a range of doctors assessing the patients, there is a level of inaccurate initial diagnosis. However, CNV may lack clear symptoms and signs, and therefore requests for further investigation of potentially treatable lesions are often warranted.
Our results suggest that the OCT is very good at picking up potentially treatable AMD as only 3.6% of the FFAs showing new AMD lesions were classified as non-CNV by OCT alone. However it is not so good at differentiating between classic and occult CNV lesions. OCT diagnostic accuracy, compared to FFA as gold standard, is improved with the use of additional colour photographs. However, it is not good enough to replace FFA. Our results suggest OCT could be used at least to prioritise further assessment of patients and so avoid delays in patients most likely to benefit from treatment. 
